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Summary

The chemical composition of sea and some brackish waters are listed, and the solubility
of scale forming salt species is discussed. The thermodynamic and transport properties
of seawater are presented by equations.

1. Some Basic Chemical Principles

In the study of chemistry we are concerned with the structure, properties, and
transformation of matter. Matter possesses a certain mass and occupies space. It can
exist in any one of the commonly found states, namely gas, liquid, and solid. Gases are
characterized by their property of occupying the whole space that is freely available to
them, since there are no intermolecular attractive forces. Liquids have considerable
intermolecular forces and, hence, they possess constant volume. On the other hand, very
strong intermolecular forces exist in solids, because of which the latter have a constant
volume as well as a definite shape. Ice, water, and air are common examples of a solid,
liquid, and gas, respectively.

Matter can be either homogeneous or heterogeneous with respect to its properties.
Homogeneous matter has the same properties throughout its mass; gold, common salt,
and air are examples of homogeneous matter. On the other hand, heterogeneous matter
consists of parts of substances with different properties, e.g. quartz and gunpowder.
Homogeneous substances are of two kinds, namely elements and compounds. An
element is a homogeneous matter that cannot be further split into simpler substances,
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e.g. copper, bromine, and oxygen. Approximately 104 different elements are known to
us. The smallest particle of an element is called an atom, which has a unique atomic
number. When two or more elements combine chemically in a definite proportion, the
substance obtained is called a compound. For instance, water is a compound of two
elements, namely hydrogen and oxygen combined in definite proportions. One molecule
of water consists of two atoms of hydrogen and one atom of oxygen.

When two or more substances are simply mixed in variable proportions, mixtures are
obtained. Gunpowder is a mixture of sulfur, saltpeter, and charcoal; it is a
heterogeneous substance. On the other hand, sugar or salt mixed in water in a variable
proportion till the saturation limit gives a homogeneous mixture called a solution. The
properties of a compound are entirely different from those of its constituents, whereas
this is not the case for the mixtures. For instance, water being a compound of oxygen
and hydrogen, it has its own properties totally different from those of its constituent
elements. The properties of a mixture, however, can be related to the properties of the
substances mixed. For ideal mixtures, in the absence of phase change, properties are
proportional to those of the constituents. For example, air being mainly an ideal mixture
of oxygen and nitrogen has the properties proportional to the properties of both
elements, e.g.:

Hair = x02 x HO2 + (1-X02) x HNp.

2. Chemical Composition of Natural Waters

2.1. Seawater

The chemical composition of seawater is listed in Tables 1 to 5. Table 1 lists the
average temperature and salinity of the major oceans. Table 2 gives the salinity,
chlorinity, and salt mass fractions of normal seawater. Table 3 gives the ionic

composition. Table 4 lists the major chemical elements in seawater in ppm. Table 5 lists
the leading components in mole fraction and mass fraction.

Oceans Temperature | Salinity g kg™
(9]

Pacific 3.36 34.62

Atlantic 3.73 34.90

Indian 3.72 34.76

All oceans 3.52 34.72

Table 1. Average temperatures and salinities of major oceans (Wright and Colling 1995)

Salt m(gkg?) [ ms? Cl (g kg™
NaCl 26.9 0.782 16.33
MgCl, 3.2 0.093 2.38
MgSO, 2.2 0.064 -
CaSQO, 14 0.041 -

KCI 0.6 0.017 0.29
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Rest 0.1 0.003 -
Total salts 34.4 1.000 18.99

Table 2. Composition of salt of seawater (Dorsey 1940). Salinity S; Chlorinity CI.

lon type (g kg™
Chloride, CI 18.980
Sulphate, SOz~ 2.649
Bicarbonate, HCO3 )
(including CO3 ) 0.140
Bromide, Br 0.065
Borate, Ho BO3 0.026
Fluoride, F 0.001
Total anions 21.861 g kg™
Sodium, Na* 10.556
Magnesium, Mg** 1.272
Calcium, Ca™ 0.400
Potassium, K* 0.380
Strontium, Sr** 0.013
Total cations 12.621 g kg™
Total salinity 34.482 g kg™

Table 3. Major constituents of seawater (Dorsey 1940).

Reprinted with permission from (Dorsey 1940) copyright (1940) American Chemical
Society.

Element |[Symbol| Concentration Probable Total amount
(ppm or mg I chemical species in oceans
(tones)

Chlorine Cl 19500.0 Cr 2.570x10%

Sodium Na 10770.0 Na* 1.420x10™

Magnesium | Mg 1290.0 Mg™, MgSO4, MgCOs| 0.171x10%

Sulphur S 905.0 SO,™,Naso, 0.120x10"

Calcium Ca 412.0 Ca™ 5.450x10"

Potassium K 380.0 K" 5.020x10"

Bromine Br 67.0 Br 0.886x10™

Carbon C 28.0

Nitrogen N 11.5

Strontium Sr 8.0

Oxygen ) 6.0

Boron B 4.4
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Silicon Si 2.0

Fluorine F 1.3

Argon Ar 0.43

Lithium Li 0.18

Rubidium Rb 0.12

Phosphorous P 0.06

lodine I 0.06

Barium Ba 0.02

Molybdenum| Mo 0.01

Uranium U 0.0032 U0, (CO,);
Vanadium \% 0.002 H,VO,,H,VO,
Arsenic As 0.002 HAsO, ,H,AsO,
Titanium Ti 0.001 Ti(OH),
Zinc Zn 0.005 ZnOH", Zn™*, ZnCO4

Table 4. Averages abundances of chemical elements in seawater (Wright and Colling
1995).

Reprinted with permission from The Open University, Walton Hall, Milton Keynes
MK?7 6AA, England.

lon Charge [ Mole fraction | Weight fraction
Cl -1 0.4878 0.5508
SO, -2 0.0251 0.0769
HCO3 -1 0.0021 0.0041
Br -1 0.0007 0.0017
Na +1 0.4186 0.3068
Mg +2 0.0476 0.0369
Ca +2 0.0091 0.0116
K +1 0.0089 0.0110
Sr +2 0.0001 0.0003

Table 5. Sea salt composition (Ray 1973).

Reprinted with permission from The Open University, Walton Hall, Milton Keynes MK7
6AA, England.

Salinity is defined as the total amount of dissolved solids in grams contained in one kg
of seawater when all carbonate is converted to oxide, all bromine and iodine are
replaced by chlorine and all organic material is completely oxidized. Salinity is usually
expressed by symbol S.

Chlorinity is expressed by the symbol Cl in g kg™ and is equal to salinity S divided by
1.812.

© Encyclopedia of Desalination and Water Resources (DESWARE)



PHYSICAL, CHEMICAL AND BIOLOGICAL ASPECTS OF WATER - Properties of Natural Waters - Asghar Husain, Ali El
Nashar, Adil Al Radif, Bushara M, M. M. Ali

Standard seawater is defined by the Standard Seawater Service of the International
Association for Physical Oceanography with Cl = 19.375 and S = 35.0019.

Normal seawater is a term used loosely to mean any seawater with approximately S =
34.5.

2.2. Brackish Waters

There are many saline ground waters in arid areas. Some large lakes in arid regions may
have a salt content much higher than seawater. Utah great salt lake has a salt content of
200 g I'. Mono lake, the largest lake in California has a salt content that reached 97 g I
in 1987. In general the salinity of ground water increases with depth, although there are
exceptions. In drilling for petroleum, porous rocks containing salt water, of higher salt
content than seawater, are usually penetrated. This brackish water is too deep for
utilization.

The composition and total salt content of ground brackish waters vary greatly with the
location. Although the major components are the same as in seawater, their relative
abundance is often quite different. Surface water generally has relatively lower salinity,
composed mostly of salts of calcium and magnesium. These salts cause the hardness of
surface waters, which can be treated by softening because of their low concentration in
surface waters. Table 6 (private communication with Dr. Yehia M. El-Sayed) lists, in
ppm, the composition of some selected brackish waters, river waters and irrigation drain
water.

Species Na* | Mg®*| Ca** | CI' | SO% | HCO; | Total
Lake Erie at Buffalo, 7 7 31 9 13 114 181
NY

Shenandoah River at 7 8 32 3 6 132 188
Mileville, WV

Brackish Well® at 446 24 95 700 | 219 103 | 1587
Buckeye, AZ

Irrigation drain at 790 | 80 330 | 1360 | 760 360 | 3680

Wellton-Mohawk

& Minor constituents such as nitrate, iron and silica are not listed.
® Average composition drawn from different wells, serving as feed to an electrodialysis desalting plant.

Table 6. Composition of some non-seawater supplies in ppmé.

TO ACCESS ALL THE 13 PAGES OF THIS CHAPTER,
Visit: http://www.desware.net/ DESWARE-SampleAllChapter.aspx

© Encyclopedia of Desalination and Water Resources (DESWARE)


https://www.eolss.net/ebooklib/sc_cart.aspx?File=D00-016

PHYSICAL, CHEMICAL AND BIOLOGICAL ASPECTS OF WATER - Properties of Natural Waters - Asghar Husain, Ali El
Nashar, Adil Al Radif, Bushara M, M. M. Ali

Bibliography and Suggestions for further study

ASME (1983) Thermodynamic and Transport Properties of Steam. New York: ASME.

C. Sommariva (2007), Thermal desalination processes and economics, European Desalination Society
intensive course notes, L’Aquila, Italy,

C.T. Chen and F.J. Millero (1977), Speed of sound in seawater at high pressures, The Journal of the
Acoustical Society of America, 62, 1129-1135.

Dorsey N E (1940) Properties of Ordinary Water Substance, New York: Reinhold Publishing Company.

G. Prakash Narayan, Mostafa H. Shargawy, John H. Lienhard V, Syed M. Zubairb (2010),
Thermodynamic analysis of humidification dehumidification desalination cycles,Desalination and Water
Treatment , 16 , 339-353 Heat Exchange Data Handbook (1986) Chapter 5.5.13. Hemisphere Publishing
Company.

Homig, H E (1978) Fichtner Handbook of Seawater and Seawater Distillation. Essen: Vulkan-Verlag.

International Association for the Properties of Water and Steam, Release on the IAPWS Formulation
1995 for the Thermodynamic Properties of Ordinary Water Substance for General and Scientific ¢ Use,
1996.

International Association for the Properties of Water and Steam, Release on the IAPWS formulation for
the thermodynamic properties of seawater, available at www.iapws.org (2008).

J. Safarov, F. Millero, R. Feistel, A. Heintz and E. Hassel(2009), Thermodynamic properties of standard
seawater: extensions to high temperatures and pressures, Ocean Sci. Discuss., 6 , 689-722.

J.E.Miller( 200,3), Review of water resources and desalination technologies,”Sandia report SAND
Seawater Salinity Graphic from Texas A&M University Physical Oceanographic Course Web site.
http://oceanworld.tamu.edu/resources/ocng_textbook/chapter06/chapter06_03.htm

J.P. Holdren,( 2008),Science and Technology for Sustainable Well-Being,” Science, 319 , 424-434.
United Nations Environment Program (UNEP), Maps and Graphics Library. http://maps.grida.no/

Mostafa H. Shargawy, John H. Lienhard V, Syed M. Zubair(2010) ,Thermophysical properties of
seawater: a review of existing correlations and data , Desalination and Water Treatment , 16 , 354-380

R. Feistel (2003),A new extended Gibbs thermodynamic potential of seawater, Progress in
Oceanography, 58 , 43-114.

R. Feistel and E. Hagen (1995), On the Gibbs Thermodynamic Potential of Seawater, Progress in
Oceanography, 36 , 249-327.

R. Feistel and G.M. Marion (2007) ,A Gibbs—Pitzer function for high-salinity seawater thermodynamics,
Progress in Oceanography, 74 , 515-539.

R. Feistel(2008), A Gibbs function for seawater thermodynamics for —6 to 80°C and salinity up to 120 g
kg-1, Deep-Sea Research, 55 (12) , 1639-1672.

Ray P (1973) Ph.D. Thesis, Thermodynamic Properties of Sea Salt Solutions by Boiling Point Elevation
Method. University of California, Berkeley.

Spiegler K S and El-Sayed Y M (1994) A Desalination Primer (includes property diskette). Italy: Balaban
Desalination Publications.

Spiegler K S and Laird A D (eds) (1980) Principles of Desalination, 2nd Edn, Part B, Appendix 2,
Properties of Seawater, pp. 765-799. New York: Academic Press.

V. Brandani, G. Del Re and G. Giacomo (1988), Calculation of thermodynamic properties of seawater
and related solutions, Arabian J. Sci. Eng., 13(3) , 369-378.

Wangnick K (1994) Optimization for Maintenance and Operation of Desalination Plants, Vol. 1, Basic
Data, pp. 6.9, 6.10. Abu Dhabi: Babcock.

Wright J (1995) Seawater: Its Composition, Properties and Behaviour. Oxford: Pergamon Elsevier

© Encyclopedia of Desalination and Water Resources (DESWARE)



PHYSICAL, CHEMICAL AND BIOLOGICAL ASPECTS OF WATER - Properties of Natural Waters - Asghar Husain, Ali El
Nashar, Adil Al Radif, Bushara M, M. M. Ali

Science Ltd.

© Encyclopedia of Desalination and Water Resources (DESWARE)



